We investigated the effects of bisoprolol and losartan on subjects with essential hypertension, by conducting heart rate variability (HRV) analysis of ECG signals. Our intention was to establish the set of linear and nonlinear heart rate variability parameters, which could be used as a noninvasive markers in the treatment of hypertension. Materials and Methods: Sixty subjects with essential hypertension included in this study were divided in two groups. During the four weeks medical treatment, the first group was administered with daily oral dose of 5 mg of bisoprolol and the second with daily oral dose of 50 mg of losartan. We recorded ECG signals, and performed HRV analysis of consecutive RR time intervals, before and after a month of pharmacological therapy. Results: In the case of bisoprolol, statistically the most significant changes of HRV parameters were: TP (1814.1 ± 1731.3 ms 2 vs. 761.3 ± 725.0 ms 2 , P < 0.0001), RR (870.2 ± 105.7 ms vs. 1027.2 ± 150.0 ms, P < 0.0001), HR (70.81 ± 8.42 bp/min vs. 60.10 ± 9.52 bp/min, P < 0.0001). In the case of losartan, the most significant changes were: SDNN (43.16 ± 17.27 ms vs. 237.98 ± 118.54 ms, P = 0.002), rmSDD (27.09 ± 18.27 ms vs. 46.82 ± 37.71 ms, P = 0.003), SD2 (55.18 ± 20.6 vs. 70.67 ± 26.12, P < 0.019) and DF2 (0.69 ± 0.21 vs. 0.86 ± 0.25, P < 0.014). Conclusion: Effects of bisoprolol and losartan were especially manifested among the set of linear HRV parameters. As a consequence of effect of losartan, we singled out the nonlinear parameters SD2 and DF2.
of heart muscle. [7] That results in a reduction of blood pressure, but can also be used as a preventive measure for heart attack and cardiac ischemia. [8] It is known that in most subjects with essential hypertension, the cause of hypertension cannot be detected, but this is usually accompanied by appearance of cardiac autonomic neuropathy (CAN), which manifests itself with impaired function of blood pressure. [9, 10] Ewing battery of tests [11] is a reliable tool for determining the presence of CAN, but HRV analysis [12] can also detect the first signs of impaired sympathovagal balance. The linear methods in time and frequency domain could be very efficient. For example, the increase in the values of spectral power in HF band (in normalized units) and mean length of consecutive RR intervals are considered as an improved function of parasympathetic nervous system and good direction in treatment. Taking into account the property of non-stationarity of biosignals, the nonlinear methods were also applied in HRV analysis. [13, 14] It was shown that in case of abnormal blood pressure, there exists a decrease in the values of nonlinear parameters, which reflects the loss of complexity in disease.
INTRODUCTION
Heart rate variability (HRV) analysis has become a very popular noninvasive tool of accessing to the function of the autonomic nervous system (ANS). [1] There are number of studies dedicated to impact of hypertension on the HRV parameters. [2] [3] [4] We compared the effects of losartan and bisoprolol, which belong to the different classes of drugs for hypertension. Losartan is an effective angiotensin II receptor blocker (ARB) that prevents vasopressor effects of circulating angiotensin II at receptor site on blood vessels, which results in decreased blood pressure. [5, 6] This drug is also effective in the treatment of heart failure and in preventing kidney failure. On the other hand, bisoprolol is a beta-blocker and blocks adrenalin and noradrenalin stimulation of β 1 receptors decreasing contractility and heart rate
MATERIALS AND METHODS

Subjects and data acquisition
In this quantitative medical study, 60 essential hypertensive subjects with age ranging from 26 to 75 years were included. In both groups, representation of men and women was equal and all subjects were from Serbia, Belgrade region. The first group was treated with bisoprolol (STADA-Hemofarm, Serbia and Germany) and second with losartan (Galenika, Serbia). In all patients, the first recording of ECG signals was performed during supine rest position, without the drug. Thereafter, the daily oral dose 5 mg of bisoprolol was administered to the patients in the first group and daily oral dose of 50 mg of losartan to the patients in the second group. The medical treatment continued and ECG recording was performed after a month in the supine rest position. All recorded time series lasted 12-15 min and we calculated the standard set of linear HRV parameters in time and frequency domain and nonlinear parameters. The Task Force (CNSystems, Graz, Austria) system with 12 leads at sampling frequency of 1000 Hz, was used to monitor beat-to-beat heart rate (HR). Also, we performed 24 h ambulatory blood pressure monitoring in order to identify changes in blood pressure more accurately. The study was approved by the Scientific Ethical Committee of the Clinical Hospital Center "Bežanijska kosa" and all the participants gave written consent in accordance with declaration of Helsinki.
HRV analysis
In this study, we calculated a set of linear HRV parameters by analyzing the file containing the equidistant sampled values of consecutive RR intervals, resampled at 1 Hz with linear interpolation. The calculated parameters in time domain were: Mean (RR) and standard deviations (SD) of RR intervals, percentage of RR intervals that vary more than 50 ms (pNN50) and square root of the mean of the squares of differences between consecutive RR intervals (rMSSD). Also, we obtained power spectra of consecutive RR intervals by using fast fourier transform (FFT) of 256 points, (this corresponds to 256 s in time domain and overlap between gliding Hamming windows was 50%). Three characteristic frequency bands were analyzed: VLF band (0.003 Hz-0.04 Hz), LF band (0.04 Hz-0.15 Hz) and HF band (0.16 Hz-0.5 Hz). The spectral power of these frequency bands LF (%), HF (%) was expressed in normalized units, [10] and ratio LF/HF was calculated as an important marker of sympathovagal balance. Also, we determined the average spectral power in the corresponding frequency bands: VL F (ms 2 ), LF (ms 2 ), HF (ms 2 ) and total spectral power, TP (ms 2 ). The nonlinear properties of recorded ECG signals were analyzed by the various nonlinear parameters: Approximate entropy (ApEn), SD1 and SD2, which defines Poincaré plot, as well, DF1 and DF2 parameters obtained from detrended fluctuation analysis (DFA) method. The parameter ApEn [17] indicates the degree of regularity and predictability of time series. The lower values of ApEn usually refer to more predictable and regular time series, while more random time series lead to higher values of ApEn. Detrended fluctuation analysis [18] describes fractal properties of time series. Both scaling exponents: Short term DFA 1 (3-16 beats) and long term DFA 2 (>16 beats) point to short and large correlations of the signals. The higher values of scaling exponents indicate higher degree of self-similarity of time series.
Finally, we calculated ratio SD1/SD2 defined on Poincaré plot, as another measure of sympathetic modulation. The parameter SD1 is related to fast changes between two consecutive heart beats, while SD2 describes long-term variability in time series.
Statistical analysis
All results in this work were expressed as a Mean ± SD and nonparametric Mann-Whitney U-test was used to perform pair-wise testing for significant differences of HRV parameters between two groups. [19] The standard value of P < 0.05 was considered significant. In order to perform statistical tests, we used the commercial software SPSS (IBM software, USA, version 11.5).
RESULTS
We summarized all the relevant results concerning the values of linear HRV parameters in Table 1 , while the values of nonlinear HRV parameters are given in Table 2 . The group averaged values of the HRV parameters are given in these tables. The values before the administration of bisoprolol and losartan are given in the second and third column. The values of corresponding HRV parameters after a month of therapy with bisoprolol and losartan are given in the fifth and sixth column, respectively. The values of statistical probability ('P' value) obtained from Mann-Whitney test are given in the fourth, seventh and eighth column. The values of blood pressure were obtained by Holter monitoring. The group averaged values of systolic and diastolic blood pressure were: (137.85 ± 12.20 mmHg, 82.79 ± 8.58 mmHg) before and (126.65 ± 11.71 mmHg, 77.29 ± 9.02 mmHg) after the treatment in the case of bisoprolol. In the case of losartan, those values were (130.91 ± 12.39 mmHg, 81.00 ± 9.25 mmHg) before and (124.15 ± 12.25 mmHg, 77.27 ± 9.15 mmHg) after the treatment.
DISCUSSION
The first and logical step in conducting the effects of bisoprolol and losartan is the analysis of linear HRV parameters in the frequency domain, since, they represent www.mui.ac.ir promising indicators in the treatment of hypertension. [20, 21] We calculated set of linear HRV parameters listed in Table 1 . The values of parameter LF (%) were reduced in the earliest stages of therapy with both drugs, with statistically significant differences manifested after a month of medical treatment. The group averaged values of this parameter after a month of therapy were lower, in the case of bisoprolol (51.03 ± 16.73%, P < 0.025), as well as in the case of losartan (59.26 ± 23.68%, P = 0.23) compared to the corresponding baseline values (62.79 ± 24.46%, 69.65 ± 21.56%). In the case of parameter HF (%), the values after a month of administration with bisoprolol (48.97 ± 16.73%, P < 0.025) and losartan (40.74 ± 31.35%, P = 0.23) were higher than the values before the treatment (37.21 ± 24.46%, 31.35 ± 18.45%).
Increasing the values of this parameter improves the function of parasympathetic nervous system, [22] which can be considered, roughly speaking, as a good sign of the medical treatment. Increasing the value of this parameter in the case of bisoprolol is greater than in the case losartan, which can be explained by their different effects on the autonomic nervous system. As an effective beta blocker bisoprolol is blocking secretion of adrenaline and noradrenaline, which directly affects the heart muscle and reduce heart rate. It was reflected in the mean length of RR time series, which is significantly higher after a month of therapy with this drug, (1027.2 ± 150.0 ms, P < 0.001), than baseline values (870.2 ± 105.7 ms). Statistically significant differences in this parameter and heart rate did not exist in the case of losartan. The similar result was obtained in the study, [23] where arterial blood pressure, heart rate and dose-response effects on renal perfusion in hypertensive dogs were examined. After 6 weeks of administration with losartan, reduction in arterial pressure, about 10 mm Hg-15 mmHg was found, with no effect on heart rate. This is understandable, having in mind that minor changes in luminal diameter of a vessel has exponential effect on blood flow resistance (Poiseuilles law). As a consequence of the effect of bisoprolol, we noted significant changes in power spectrum of analyzed RR time series, expressed in the values of corresponding HRV parameters. In accordance with this, there was drastic reduction in values of parameter TP that represented total spectral power of RR time series. Its values after one month of bisoprolol therapy (761.3 ± 725.0 ms 2 , P < 0.0001), were reduced compared to baseline (1814.1 ± 1731.3 ms 2 ). We Values are reported as Mean±SD. RR, mean length of RR intervals, HR= Heart rate, rMSSD, square root of the mean of the sum of squares of successive differences between adjacent normal-to-normal intervals, HF: high frequency band, LF= Low frequency band; the average spectral power in the corresponding frequency bands: Very low-VLF (ms 2 ), low-LF (ms 2 ), high-HF (ms 2 ) and total power-TP (ms 2 ), LF/HF ratio of spectral power of low and high frequency bands, SDNN, standard deviation of the RR intervals, pNN50, percentage of RR intervals that vary more than 50 ms. P values of Mann-Whitney test (before and after treatment) for each group separately (bisoprolol, column seven and losartan column eight), P<0.05 was considered significant compared the group averaged values of the systolic and diastolic blood pressure after using both drugs. In the case of bisoprolol, the reductions of systolic (~11 mmHg) and diastolic (~6 mmHg) blood pressure were significantly higher than in the case of losartan (~7 mmHg, 3 mmHg). These values of blood pressure were comparable with values reported, [24] where one-daily oral dose of losartan was evaluated in patients from mild to moderate hypertension. As expected, the changes of ratio LF/HF were consistent with changes in parameters related to the power spectrum of the signal. During the administration of bisoprolol the values of this parameter after a month of therapy (1.32 ± 0.97, P < 0.025), were significantly lower than the baseline values (2.76 ± 2.22). These facts indicate the possibility of using this parameter, as a possible indicator of efficiency of therapy with bisoprolol. During administration with losartan, the ratio LF/HF after a month (2.46 ± 2.04, P = 0.34), were also lower than the initial (3.40 ± 1.89), but without statistical significance.
The HRV parameters in time domain were especially interesting, because they indicated the differences between bisoprolol and losartan. The parameter SDNN represents variability of RR time series without distinguishing shortterm and long-term fluctuations. [14] In the case of bisoprolol, the baseline values of parameter SDNN before therapy (80.25 ± 59.51 ms) were lower than the values after a month (133.22 ± 103.46 ms, P = 0.094) of administration of this drug, but without significant differences. On the other hand, after using losartan, the statistical significant differences in the value of this parameter were manifested after a month (237.89 ± 118.54 ms, P < 0.002) of administration of this drug and they were higher compared to values before therapy (43.11 ± 17.27 ms). It indicates that the effects of losartan were more pronounced in improving variability of RR intervals. The changes of parameter SDNN in the case of losartan were significantly higher than in the case of bisoprolol. This effect could be explained by role of renin-angiotensin-aldosterone (RAS) system [25, 26] responsible for renin secretion, which leads to formation of angiotensin II. It was shown that in the short term regulation of blood pressure RAS reacted through vasoconstrictor mechanisms, while in the long term regulation of blood pressure released aldosterone. Losartan is angiotensin II antagonist, so it is obvious that this drug has significant impact on variability of blood pressure. The changes of parameter pNN50, referred to fast changes between heart beats. The group averaged values of this parameter in the case of losartan were significantly higher (4.23 ± 3.98%, P < 0.049), after a month of therapy, compared to baseline values (2.49 ± 1.60%). To the contrary, the significant differences were not manifested after using bisoprolol. Further, the properties of parameter rmSDD depended on the type of applied drug. The group averaged value of this parameter before the administration with bisoprolol (88.77 ± 82.31 ms) was higher then the value after a month (66.32 ± 59.09 ms) of therapy with this drug, without statistical significance. On the other hand, after using losartan the group averaged value of parameter rmSDD after a month (46.82 ± 27.71ms, P < 0.0027) was higher than the value before the administration (27.08 ± 18.27 ms). The increase of this parameter and other HRV parameters in time domain was a sign of improving parasympathetic activity [27] (in literature often portrayed as parasympathetic indices). Improving parasympathetic activity indicated efficiency of applied medical treatment of losartan in improving adaptability of patients. In favor of this thesis are the results obtained in the study, [28] where it was proven that losartan attenuated age-related mitochondrial dysfunction of rats, improving the adaptability of living organism.
The statistical significant differences were manifested in the values of approximate entropy ApEn after using the bisoprolol. Namely, after a month of administration of this drug, the final outcome was different, because the values of this parameter were significantly lower (0.66 ± 0.11, P < 0.018) compared to value before therapy (0.75 ± 0.13). The decreasing of values of ApEn was a good sign of improving function of autonomic nervous system during treatment with cardiac autonomic neuropathy and diabetes mellitus. [29, 30] The effects of losartan was manifested in the values of parameter SD2. This parameter is a marker of long-term variability. [31, 32] The group averaged value of this parameter was significantly higher after a month of therapy (70.67 ± 26.12 ms, P < 0.019), compared to baseline (55.18 ± 20.68 ms). Also, the values of ratio SD1/SD2 obtained form Poincaré plot were significantly higher after a month of therapy, implicating influence of losartan on the short and long-term variability of RR time series. Another evidence of influence of losartan in long-term variability is the parameter DF2. Increased values of this parameter indicate improving function of ANS. [33] In our case, the group averaged values of parameter DF2, after a month (0.86 ± 0.25, P < 0.014), was higher than baseline (0.69 ± 0.21).
CONCLUSIONS
The results presented in this study indicate that HRV analysis is a promising noninvasive method of accessing to the function of ANS. It must be pointed out, that the values of HRV parameters in the treatment of hypertension were highly dependent on the type of the applied drug. In the case of bisoprolol, HRV parameters in frequency domain dominated. We emphasized parameters LF (%), HF (%), LF/HF, RR (ms) and HR (bp/min), because they exhibited statistically significant differences after a month of medical treatment. Also, there is a drastic reduction of spectral total power TP (ms 2 ) which was detected regardless of the applied drug. On the other hand, under the effects of losartan HRV parameters in time domain were dominant. These parameters were: SDNN (ms), pNN50 (%) and rmSDD (ms). The changes of these parameters were evidence of improving short an long-term variability of RR series and adaptability of the patients. The effects of both drugs on blood pressure were comparable and very effective, after a month of medical treatment. The group averaged value of systolic blood pressure was decreased about 11 mmHg and about 6 mmHg of diastolic blood pressure, in the case of bisoprolol, while in the case of losartan these values were 7 mmHg and 3 mmHg. Among the cohort of nonlinear parameters, we emphasized approximate entropy (ApEn). The values of this parameter were significantly reduced after a month of medical treatment with bisoprolol. In the case of losartan, statistically significant changes were manifested in the values of parameter DF2 which is the marker of parasympathetic activity.
Both drugs effectively regulate blood pressure, through different HRV markers due to different mechanism of action in the treatment of hypertension. The obtained results should be tested in various groups of essential hypertensive patients depending on gender, age, obesity-related hypertension, other types of diseases, etc.
